WD 97/ 04341

PCT/ US96/ 11671 SNAP- | N PROXI MAL CONNECTOR FOR MOUNTI NG AN

OPTI C FI BER ELEMENT | NTO A LI GHT SOURCE SYSTEM
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The invention generally relates to optical systens for coupling light 5
into a single éhber or fiber bundle and in particular, tQ a connector
for connec | hg single optic fiber or fiber bundle int oPST’H%%'éMb of
a light source system 2. Description of Related Art 10

A variety of light source systens have been devel oped for coupling
light froma high intensity |ight source such as an arc Iarrp into an

opti cal fiber bgyut AR P woye nt o
t he bundl e or si ngl e ' fi bR 'r

i Il um_nation purposes such Fare um naire,
headl anp, endoscope or borescope. 15 Typlcally a proximal end of

the single fiber or fiber bunww pr oxi mal

connector for insertion into housi ng

containing the light source. A distal end of the single fiber or fiber

bundl e is connected to an application device, i.e., a surgical lumnaire.

endoscope, etc. Typically, the proximal connector is configured to be

removed 20 fromthe |ight source system This allows a person operating
Fiddiofshe Juvention

the application 1 X a surgeon using a surgical headl anp,
to have free nobility,

The invention generally relates to optical systems for coupling light
5 into a single optic fiber or fiber bundle and. in particular, to a connector for
connecting a singie optic fiber or fiber bundle into a housing of a light source

system.

>  Descrintion of Related Ar

10 A variety of light source systems have been developed for coupling
light from a high intensity light source such as an arc lamp into an optical
fiber bundle or singie opticai fiber. The light coupied into the bundle or
single fiber may be used. for example, for medical illumination purposes such

as for use with a surgical luminaire, headlamp, endoscope or borescope.

15 Typically, a proximal end of the single fiber or fiber bundle is mounted
within a proximail connector for insertion into a slot or aperture within a
housing containing the light source. A distal end of the single fiber or fiber
bundle is connected to an appiication device, i.e., a surgical luminaire,

. endoscope, etc. Typically, the proximal connector is configured to be removed

20 om the light source system. This allows a person operating the application
device, such as a surgeon using a surgical headlamp, to have free mobility,
which may be otherwise hindered while the fiber or fiber bundle is connected

into the light source systermn. The provision of the removable proximai



whi ch’ may be ot herwi se hindered while the fiber or fiber bundle is
connect ed into the |ight source system The provision of the
renovabl e proxi nmal WO 97/ 04341

PCT/ US96/ 11671 connector also allows a single light source
systemto be usedwb@7g4agyi de |ight for a variety of different
application devices, each having a correspondi ng pr oxi malPCTISHEI6Dr .
However, problens arise in many convent ' nnectors, 5

parti cul arl y those designed for use wi {ITH{S SHEET HASBEEN fi ber. Single

fibers require hi gh Intensity light to REPLd\CEBcted bnt 0 an entrance
aperture of the single fiber held bnnect or .

Conventi onal proxi nal connectors for single fi bers generally support
silica fibers foroiliceh d8alios a@%ﬁe lﬁ%ht s% td be LY @2{51@?{ pf the
optical fiber are susceptible to ther amage, a neth re V|ng
the heat is necedsma yatiety a diffecercapplication devxcesmaehaavmg a éarrespohding fi bers

havi Ag a pol yner cladding, excess heat of a conventi onal connector
wi || destroy the pspuitnal gannertory enedy this probl em sonme previous |ight
source systens have been configured to position the proxinal entrance

aperture of the singlg fiber dIS anc Lo h [0):4 |l _co nector
itself. The high inte “’t‘*ye"r P k) af‘ o chsceaber[?hch}%l p%xxm gﬂ
aperture of the Siaghfarly BB dddigriddifsr el With afsityle bpec Aber<iSiRgie fibers

connector itself. Hence, the proximl connector 1s not significantly
heat ed. Howerggwire bsbawesztmmm pasizectedgrito pg egtranepapermge of theber

casily broken or S RFCRIERy RRRGERL e, Sl PRERRED, “Cour ce

system _ nneéférs'f&*ﬁﬁ?@ BBef ganbiaBy saggmgm fibesd fof e\ﬁu@n Bédt SPRdee
housi ng desi gned to protect the fiber he housing retracts while the

connector is noum ptbblm If the materials ofithe opticad dibey srecrmscaptibld tovthetmalsi ngl e

fiber to recel ve The, s|i dabl e housi ng sl i des out war.dl as the
connector is %&mm P ’(fmm’%ﬂ'@ehe%‘s g"tséﬁi to,R58REe ooEny

051 236, 589, ?.pf PRS- (58 5iich SbeR FAREG poiper Eﬁaﬁ%‘*’&'&%%%%??’ﬁ scation
conventional connector will destroy the claddmg To remedy this problem,
some previous light source systems have been configured to position the
proximal entrance aperture of the single fiber some distance from the

15 proximal connector itself. The high intensity light is then focused at the
entrance aperture of the single fiber which is offset from the proximal
connector itself. Hence, the proximal connector is not significantly heated.
However, because the entrance aperture of the single fiber extends from the

proximal connector, the fiber is unprotected and easily broken or otherwise

20 damaged after removal from the light source system.

At least one proximal connector inciudes a slidable housing designed
to protect the fiber. The housing retracts while the connector is mounted to
the light source system to allow the single fiber to receive light. The slidable
housing slides outwardly, as the connector is removed from the light source

25 system to enclose and protect the optic fiber. See, for example, U.S. Patent
Application 08/238,589, filed May 5, 1994 and entitled, “Fiber Optic Connector

S e

Sheet Has Been Re, laced 2

i
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PCT/ US96/ 11671 Havi ng a Shield and Apparatus for Protecting the
Exposed End of a Fi ber Optic." Although such an arrangenent protects
the proximal end of the optic fiber while also mnimzing heat rel ated
probl ens, such i%w?ﬂﬁhﬁMEd at the expense of requiring a conplicated
proxi mal connector having a nunber of 5 noving parts suscept PETAUS2611671
darmage or nal function. Q her problens arise with proxinal
connectors having an optic fiber ext endi ng beyond the connector

itself. As noted above, single fibers require preci se positioning of
the entrance aperture of the fiber with respect to the opti cal

conponents of the lIight source systemwhich is conplicated by having 10 the
fi ber extend beyond the connector. Moreover, polishing such fibers

protrudi ng beyond t hHayingxiShidid and darpacatas for Ribfebting tie Expobsed End ofidiFiber
manuf act ur abl e. . It woul d be desirable to provide an inproved
proxi mal connector OPHc.” Whithougiasch anaprangemgat Bratee Shegproxbnaland; of the opc

broxi mél connectors ghf \ A5G Bt ABRY Seat bethiBa!Roblibd, G H\Ehiede SR

t he present invention are
expense of requiring a complicated proximal connector having a number of

5 moving parts susceptibie to damage or malfunction.

Other problems arise with proximal connectors having an optic fiber
extending beyond the connector itself. As noted above, single fibers require
precise positioning of the entrance aperture of the fiber with respect to the
optical components of the light source system which is comptlicated by having

10 the fiber extend beyond the connector. Moreover, polishing such fibers
protruding beyond the proximal connectors is difficult and not readily
manufacturable.

It would be desirable to provide an improved proximal connector
which avoids the disadvantages of conventional proximal connectors
15 described above. It is to this end that aspects of the present invention are

drawn.
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PCT/ US96/ 11671 SUVMMARY OF THE | NVENTI ON

A proxi mal connector for connecting an optic fiber elenment such as a
single optic fiber or fiber bundle into a housing of a |light source system
i's provi ded. widhegasfxi mal connector includes a cone-shaped ferrule
mounted 5 around a proxi mal end of the single fiber desi gned PEFUBRSINSTI

al i gnnent and heat sinking. The cone-shaped ferrule is sized and
configured for nmounting within a cone-shaped slot or aperture within a
recei ving bl ock of the housing. Wiile inserted, an exterior sidewall of
the cone-shaped ferrule rests snugly against an interior sidewall of
the receiving block. High intensity light is 10 directed into an entrance
aperture of the proximal end of the single fiber. The entrance
aperture is aligned thhatruncath RIENMERS ferrule.

The cone-shaped ferrule and the re got-ir—for ned of
stainless steel or other netals or alloys having a high index of heat
conduction. Accordi ngly, Agstxied icofitel dbeebridetting) ah d@tic fiber lBMRROs A5 €
15 fromthe high intensity light is conducted into t he recei ving bl ock of
t he housi ng t heingls mﬁﬂvﬂg’rtﬂbermeMpdwtﬁmQFIQISMrsdutCheVSemgbe

fib I dth | at As ted, the fib t
does not extend . PIPFGRL e Erarmal dprisne spAtae R e Vst o Rble e
lies flush therevw t lyound a pHSRMGE] edtPOY the SHRYA kb QiRidrea ﬁPHé&%ggﬁ:{S@ﬁB?ﬂ ic

fiber elenent is protected* 20 by the cone-shaped ferrule from

damage. In this manrieat sinkingi rhe cone-shapeﬂlfexmlaa:sctutademtdagmﬁgmﬂd imrmm:mng
bot h substantially eljm nat ed, ,w t hout reqw ring a.complicat ed and

expensi ve nounting apHeR c# eRnesshaped,slot pr.apepfige within gcreceivi

Fiber opti 6 can be piTEmsshbd dfERBG ?%@%é‘caﬁﬁﬁ%ﬁ‘é@“ﬁe‘ﬁ@ﬁr“?#”%”%ﬂ

agamst an interior sidewall of the receiving block. High intensity light is

10 directed into an entrance aperture of the proximal end of the single fiber. The
entrance aperture is aligned with a truncated end of the cone-shaped ferrule.

The cone-shaped ferrule and the receiving block are both formed of
stainless steel or other metals or alloys having a high index of heat
conduction. Accordingly, any heat generated within the cone-shaped ferrule

15 from the high intensity light is conducted into the receiving block of the
housing thereby keeping the cone-shaped ferrule, and the single fiber
enciosed therein, relatively cool. As noted, the fiber optic does not extend
from the truncated end of the cone-shaped ferrule, but lies flush therewith.
Hence, upon removal from the housing, the optic fiber element is protected

20 by the cone-shaped ferrule from possible damage. In this manner, heating
problems and breakage problems are both subétantially eliminated, without
requiring a complicated and expensive mounting apparatus such as the type
described above having a slidable external housing. Furthermore, the
entrance aperture of the fiber optic can be polished because it is secured

25  within the ferrule.
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PCT/ US96/ 11671 I n one enbodi nent, the receiving block

i ncl udes a spring-|oaded ball pl unger to ensure that the ferrule
remai ns snugly nounted within the aperture of the receiving block. The
ferrul e i s nount afgbiggygcase that includes an indented ring. The bal

pl unger and the indenteé ring are relatively 5 positioned suclPCrisembm
bal |l plunger rests within the indented ring only while the ferrule is
fully inserted within the aperture. Wien so engaged, the bal | 'pl unger
prevents the ferrule froma sliding out fromthe aperture. The bal

pl unger holds the ferrule in place until sufficient manual force is applied
to di sengage the ball plunger. By holding the ferrule in place, lateral 10
alignment, along the direction of insertion of the ferrule, of the entrance
aperture of the single flrbene pmbagdimenscthe receiving block ingludesn springiaaded ball

ferrule and the matchin erture.of ..t receivi.n bl ock .ar.e .bot h

axi ally symetric SL@W‘&H; %“8‘1\’5?‘?'6{1#}?;}?“&% tgequs?%glglrg%unted “"@He d. In
other words, ‘rotati Oa[pe&tué QPthE%ée‘iklviﬁg‘Mdcﬂ! "Thi FErrBes i Entd@ 88 afle that £RHGES
any di spl acenent of tthe entrance apefture of the fiber but nerely rotates
the fiber, which it sal indestedrirg. | Thesalhpiunger. ankhthe, indestediring ap rplatibélens of
t he type di scussed are al so avoi

d. Thus, the
above- described p? obl_’Q?FFLm"G# %&Mt‘%gg‘i PlHOBRY Fests within MF@F‘%@“?
elimnated by enpl oyjpge Eﬁ]ﬁeﬂu’f@is%ﬁ?'ﬁ?ﬁeﬁg&%ﬁﬁﬁghéa‘éh@rttﬁie. t\WﬁeﬁQ? engaged, the

I nvention. Moreover, noO NDVI ng parts are require e cost o

proxi mal connect or iwdﬂmwmﬁmﬁnﬂh&oﬁesuhammrmma Cihe
eas

is sinply, reliable an i Iy manufacturable. Hence, the general objective

set forth abovebillplusemhalds tim fesuloly ploceuntikifficiantmanyal forats appiiest
t he i nvention wlLl, be appar.ent from SCT.l i ons .which foll.ow and
fromthe 25 drawi n\é\%’ éﬁ“ﬁﬁgg‘%’?‘e‘?‘&‘gﬁ %%q&“g th ferPi il place, laferat
10 . alignment, along the direction of insertion of the ferrule, of the entrance
aperture of the single fiber is ensured.

The cone-shaped ferrule and the matching aperture of the receiving
block are both axially symmetric such that longitudinal alignment is also
ensured. In other words, rotation of the ferrule within the aperture does not

15 cause any displacement of the entrance aperture of the fiber but merely rotates
the fiber, which itself is axially symmetric. Thus, positioning problems of the

type discussed are also avoided.

Thus, the above-described problems of conventional proximal

connectors are eliminated by emploving the simple cone-shaped ferrule of the
20 invention. Moreover, no moving parts are required and the cost of the

proximal connector is thereby minimized. The resulting proximal connector

is simply, reliable and easily manufacturable. Hence, the general objective set

* forth above is achieved. Other objects, advantages and features of the

invention will be apparent from the descriptions which follow and from the

25 drawings attached hereto.
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PCT/ US96/ 11671 BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is block diagramillustrating a nedi cal

i1l um nation system provi ding light froman |light source systemto a
singl e optical Icﬁ@?’%% medi cal illum nation device. 5

Figure 2 is a si A partially in cross-section, of a proxi REEUS96/11671
connector of the fiber optic of Figure 1 and a portion of a housing of the
l'i ght source system of Figure 1. Figure 3 is a sideview,
partially in cross-section, of the elenents of Figure 2 shown with the
proxinmal connector fully inserted within an 10 aperture of the receiving
bl ock. Figure 4 is a sideview of a specific proxinml connector
showi ng i nternal conponents in phantom|ines.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is block diagram illustrating a medical illumination system
providing light from an light source system to a single optical fiber into a

medical illumination device.

5 Figure 2 is a sideview, partially in cross-section, of a proximal
connector of the fiber optic of Figure 1 and a portion of a housing of the light

source system of I-'igure L

Figure 3 is a sideview, partially in cross-section, of the elements of
Figure 2 shown with the proximal connector fully inserted within an

10  aperture of the receiving block.

Figure 4 is a sideview of a specific proximal connector showing internal

components in phantom lines.
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PCT/ US96/ 11671 DETAI LED DESCRI PTI ON OF
EXEMPLARY EMBCODI MENTS OF THE | NVENTI ON Wth reference to the
figures, exenplary enbodi ments of the invention will now be descri bed.
These enbodi nment syd dgésfsr ate principles of 5 the invention and shoul d not
be construed as |imting the scope of the I nventi on. PCT/USI6/IET4ur e
1 illustrates an illum nation system 10 having, for exanple, a medi cal

device 12 connected through a single fiber optic 14 to a |light source
system 16. Medi cal device 12 may be a surgical headl anp, surgical
| um naire, 10 endoscope, borescope, etc. Light source system 16 includes a
high intensity | i ght source 18, such as a netal halide or xenon arc
| anp, and an opti cal system 20 for collecting and condensing |ight
fromsource 18. Optical system Eﬁagﬁi5ﬁ3§§gﬂﬁxﬁ1§ﬂ2&%nDre opti cal
el ements such as mrrors, configured; . accordance with
t he source system described in U S. Patent 15 4,757, 431.

EXEMPLARY EMBODIMENTS OF THE INVENTION

With reference to the figures, exemplary embodiments of the
invention will now be described. These embodiments illustrate principles of
5 the invention and should not be construed as limiting the scope of the |

invention.

Figure 1 illustrates an illumination system 10 having, for example, a
medical device 12 connected through a single fiber optic 14 to a light source
system 16. Medical device 12 miy be a surgical headlamp, surgical luminaire,

10  endoscope, borescope, etc. Light source system 16 includes a high intensity
light source 18, such as a metal halide or xenon arc iamp, and an optical
system 20 for collecting and condensing light from source 18. Optical system
20 may include one or more optical elements such as mirrors, configured, for
example, in accordance with the source system described in U.S. Patent

15 4,757,431,

Fiber optic 14 includes a proximal connector 22 configured for "snap”
insertion into an aperture formed in a receiving block of a housing of light
source system 16. Proximal connector 22 and the receiving block in which it

is inserted will now be described with reference to the remaining figures.

20 Figure 2 provides a sideview of proximal connector 22 positioned prior
to insertion into an aperture 24 of a receiving block 26 of a housing 28 of light
source system 16. Proximal connector 22 includes a three-dimensional
symmetrical profile matching the interior profile of aperture 24. More

specifically, proximal connector 22 includes a stainless steel ferrule 30 having

7



Fi ber optic 14 includes a proxi mal connector 22 configured for "snap"

I nsertion into an aperture forned in a receiving block of a housing of

| i ght source system 16. Proxi mal connector 22 and the receiving bl ock
in which it is inserted will now be described with reference to the -
remai ni ng fi gur eSyg offlaa Figure 2 provides a sideview of proxinmal
connector 22 positi onecsf' prior to insertion into an apert BEBUS1671 o
recei ving block 26 of a housing 28 of |ight source system 16.

Proxi mal connector 22 includes a three-dinensional symmetri cal
profile matching the interior profile of aperture 24. Mre

specifically, proximal connector 22 includes a stainless steel ferrule 30
havi ng _ 7 WO 97/ 04341
PCT/ US96/ 11671 a cylindrical base portion 31 and a tapering
cone-shaped tip 32 wheylirgrical base portioni33 dnd nd2pSingone-spapad Gp 33 witlsa nount ed
within a case 34 which is substantially right-cylindrical, but, |ncludes
an indented ring 36 BFpiRd epd 33. ué)aafﬂ’mlf‘r(’ t‘f‘g{%‘h’%? cpse Y hich is
portion 38. Optic fi S pi ' i thLn, case
34 and ferrule 30. Aﬁ%ﬁ%ﬁ%%ﬁg%%%lgl} g’?cib%éts?@qa&ateg?@grwl%ﬂkﬁaes
flush with the front distanoefrbmc ®@peredtraficated portion30. Optic fiber 14 is hedd wiiRdn
the profile of the proximal connector is matched to the I nt er nal
profile of apertufe emnplpase withineasgI4 anddenruled0n An eriranse aperture 40 of optic

cylindrical and coni ﬁﬁ%ilr%%tsiﬂ%s wi vthgq{%ggﬁh%ég#‘h§3t°?§er?1ggsogée and

shape 10 as correspo g portions o proxrmal ¢onnec

exception, however, is that the aperture does not define an outwardly
extendi ng ring shapets hatediethe iprofild efi thedproxingal 36nnétadhis rmatehdeibid the

pl unger spring-biasin mechani sm 42 i s nopunted al ong an . inner sidewal l

44 of housing bl ock biernal profileof apsrturpygd. Inother wotds, pRaTBye 24 dnclndes | ¢

B
engages with indente | ISaquﬁ ok ' t | y
i nserted within aper tg)tr}iﬂedggﬁ élyéﬁ’clagé ?‘F%%gtsrggt&éﬁ@ry ﬁllggr}ﬁrﬁlg %i.e%gﬁ}glp‘g
pl unger 42 thus abl ous corfesppiiding Porticsrofehé proximal connedtor. SOapRKebptiohy pl ace

during insertion. ) The bal |l plunger prevents the proximal
connector from acci dBAWEYsryis that the apextpre dags net define apeytwardly extendingysingal

connector can only b @hﬁﬁﬁ"{@ mha¥ch indented ring 36. Rather, a ball plunger spring-biasing
mechanism 42 is mounted along an inner sidewall 44 of housing block 26.
Ball plunger 42 is positioned such that it engages with indented ring 36 only
15 while the proximal connector is fully inserted within aperture 24. This is
illustrated in Figure 3. Ball plunger 42 thus allows the proximal connector to

be snapped into place during insertion.

The ball plunger prevents the proximal connector from accidentally

sliding out of the aperture. The proximai connector can only be manually

20 removed by pulling on the proximal connector with sufficient force to
displace the ball plunger out of the indented ring allowing free removal of
the connector. Of course, alternative biasing mechanisms may be empioyed.
For example, the ball plunger may be mounted to the case of the proximal
connector with the ring formed within the housing. As an another

25 alternative, the case may be formed with a resilient outwardly extending ring

and the aperture formed with a matching ring. Upon insertion of the



20 renoved by pulling on the proximal connector with sufficient force to
di spl ace the ball plunger out of the indented ring allow ng free renoval of
the connector. O course, alternative biasing nmechanisns may be enpl oyed.
For exanple, the ball plunger may be nounted to the case of the proximal
connector with t%ggﬂ%éforrred wi thin the housing. As an another 25
alternative, the ca y be fornmed with a resilient outwardl yPEXwsssiiien
ring and the aperture formed with a matching ring. Upon insertion of
t he : 8 WD 97/ 04341

PCT/ US96/ 11671 proxi mal connector, the resilient ring of the
case bends inwardly slightly until reaching the matching ring of the
housi ng then snaps outwardly into the mat ching ring of the housi ng.
Continuing with the enbodi rent of the figures, the profile of the

proXi mal - connect of i & iatEgod o e JelliEE1the B Bl e sznasngggp@ysw -

recei ving oCK, in par eat trans
connector into the reachifgtitd Matthiry 0K of the kasinghtteh snapeoaiwatdly Gibd thes
focused or condensed or otherwi se directed to a point or spot 46 which
corresponds to the emefchingering of theshousing. of the optic fiber while the
connector is inserted in the receiving 10 block. The intensity of light in
the vicinity of 46 cause BRMNR! Jsgbat ed
within the ferrule is quf%%%wmﬁgtﬁgeg&g? ernér%fthé"ﬁ hethtelr}%%of t he
ferrul e and ul ti nft epgoximaicccnhectsreisehatehisi o tbel«intefmlfwofﬂeldfahe apemtire of the
transfer, both the ferrule and the recejving bl ock are preferably fornmed of
mat eri al s having a hfifﬁ‘v%‘él?%ﬂnlﬁ’éﬁtt%% FPB#“MFf? Ithe femRactos)intasthe

the Terril oo ° o) opAr AR Q0B Rl B %ol B el ' ©

proxi nal connector bhﬁrwzsedue&eawb@od&em F@Mmﬁmht@rﬁepa{us&bdndeﬁ@&dehe

per sons touchlngthetlp of the ferru are not at risk from being
bur ned. apm@abe optia fikergwhiltheoonegtor isdnsarted; ipthe geneivdng or

and of the 10 block. The intensity of light in the vicinity of 46 causes ferrule 30 to heat.

However, heat generated within the ferrule is quickly conducted away from
the tip of the ferrule and ultimately into the receiving block. To facilitate heat
transfer, both the ferrule and the receiving block are preferably formed of
materials having a high index of heat conduction. A suitable material is

15  stainless steel. By conducting heat away from the tip of the ferrule, the ferrule
remains relatively cool such that, on removal of the proximal connector, the
ferrule does not need to be shielded and the persons touching the tip of the

ferrule are not at risk from being burned.

Preferably, the dimensions of the proximal connector and of the
20 aperture are fabricated to fairly close tolerances to ensure that the ferrule of
the proximal connector contacts the inner walls of receiving block over the
entire external surface area of the ferrule. Any gaps therebetween may hinder

the conduction of heat from the ferrule.

As noted, ferrule 30 may be formed of stainless steel. In one
25 embodiment, case 34 is formed of plastic. However, for some applications,



20 aperture are fabricated to fairly close tolerances to ensure that the
ferrul e of the proxi mal connector contacts the inner walls of

recei ving bl ock over the entire external surface area of the ferrule.
Any gaps therebetween may hi nder t he conduction of heat fromthe
ferrule. As noted, ferrule 30 may be fornmed of stainless
steel. In one Zgwéﬁﬁﬁﬁvnent, case 34 is forned of plastic. HoRrewus96/1iar1
sonme applications, ' 9 WO
97/ 04341 :

PCT/ US96/ 11671 perhaps to provi de even greater heat conduction,
case 34 may al so be forned of stainless steel. As can be appreciated,
wi de variety of choices of materials can be enpl oyed consistent with
the principles of the invention. Likew se, . al though the particul ar

cyli'ndrical and coni | to be
e1¥f ective, other s ha%gxlshaér%googﬁwggﬂge}eé%? %ac%ﬁ\%% &@bt{:}géﬁscea?e P%?&Q afl‘%%?f'gf’%‘gr
shapes are chosen, t bestaiege steél. tABGCatheranb&cMNﬁdﬁ vasietyyofehbieEs dftRaterials

shape of the corresponding aperture, at [east within the region of expected
heat conduction. |n cthbe empiayed consistentwithfthe nringiplesi ofghe invention.oLikewdse,

aperture which are regpte.fromthe.end..of .t he fiber ed ngt tch as
closely 10 since | esgﬂﬁ%‘%ﬁh _ 8 PATRSSIS, £y inds W?éﬁ“ﬁfln%}??ﬁ &Bﬁggtr‘gﬁﬁ'%éedf’f‘%
the end of the 5 ®Bédfouhlitsbe effective, other sm?myw&kﬁw. Of&®urse, for
configuration of the proxinml connector and o the aperture is that

bot h are subst anti al whatevienbhapes prmchasen; theshape, ofithe ferrule shonidvdiosely match the
connector can be free rotated within the aperfure wi.thout 15 i spl aci ng
the entrance apertur é%e ‘%H'Se GW?SEW%ﬁP%%CEE, Peﬂ?te‘@"‘é‘\? ‘§§F%31°“° ex ected
positioning is maint defetndheicH. dn GRS W) ?&tﬁ&ﬁwm bRoxdthall 8€4nd

al ong the direction of Insertion is malntained by the ball plunger
which rests within apertutendbichace rémmte $Om thecnidsef the Siber nesdwpotahatthes closely

entrance aperture of the fiber is .. thereby nmintained. Aﬁ not ed above,
because t he ent r alfce 458 1¢ss heatgondpetionyis rF‘i‘BEﬁ‘P/?tiE%s‘?‘?’ﬁé'ﬁnm o end of the
truncated end of the %E?iﬂ{ex‘?’ the entrance aperture can be polished
to provide inproved optical characteristics.

Another aspect of the configuration of the proximal connector and of
the aperture is that both are substantially axially symmetric. Hence, the
proximal connector can be freely rotated within the aperture without

15 displacing the entrance aperture of the optic fiber. -Hence, precise axial
positioning is maintained. Lateral positioning of the tip of the fiber along the
direction of insertion is maintained by the bail plunger which rests within
indented ring 36. Precise positioning of the entrance aperture of the fiber is
thereby maintained. As noted above, because the entrance aperture of the

20 fiber lies flush with the truncated end of the ferrule, the entrance aperture can

be polished to provide improved optical characteristics.

Figure 4 provides a cross sectional illustration of a specific proximal
connector configured as generally described with reference to Figures 1-3. In
particular, Figure 4 illustrates the internal structure of the proximal connector

25 which holds the fiber optic. More specifically, proximal connector 100 of
Figure 4 includes a bore 102 through which fiber optic 114 passes. A distal

10



Figure 4 provides a cross sectional illustration of a specific proxinal
connector configured as generally described with reference to Figures 1-3.

In particular, Figure 4 illustrates the internal structure of the
proxi mal connector 25 which holds the fiber optic. Mre specifically,

pr oxi mal connectgn of Figure 4 includes a bore 102 through which
fiber optic 114 pass T'A distal ' PCT/US96/11671
10 VO 07/ 04341 PCT/ US96/ 11671 portion of
the optic fiber is secured by a clasp nmenber 116 which al so nounts to

a cone-shaped distal end 118 of case 120. As with the proximl connector of
Figures 2 and 3, proximl connector 100 of Figure 4 includes a ferrule

havi ng a conic end 122. Case 120 al so includes an indented

|l ongitudinally extending 5 ring 124. What has been descri bed
is an 1 nproved pr oxpotﬂomufrtheopmﬁlfams sa:ared by wictalsp amerolpiri 1d 6 lwhith 6lsb BAdir@n
system enpl oying a single agptic ticular, the invention °

fib
enabl es the use of f‘éﬁﬁ@i“ﬁ%ﬁ'@i’@d distd ie%‘ii\?'és REfase ilgq) sAs with the, preximal copurstaor g
of sirmgle optical er Pr i g EIQ Ga0; be
applied to other sy & s %\ ?oﬂ’%%‘ﬁg PP |%'a1tiapg’2t§éﬂe 4]‘89‘1@%\‘&{5&1?
exanpl e, principl es aGonich@d 12Y € Cht 1200 RCARP bh didénted ngittifially extend.mg
iIlum nation systens incorporating other optical fiber elenents such as
fiber bundl 8s aingtl24. | i ke.

What has been described is an improved proximal connector for use
with an optical illumination system employing a single optic fiber. In
particular, the invention enables the use of temperature sensitive materials
in the construction of single optical fibers. Principles of the invention,

10 however, can be applied to other systems and to other applications as well.
For example, principles of the invention may be applicable to optical

illumination systems incorporating other optical fiber elements such as fiber
bundles or the like.

11



CLAI M5 1. A nmethod for coupling light froma high intensity I|ight
source (18) ”m mllmlmnﬂlucal system (20) for collecting and condensing
light into ah 1 FIRIDERE [eRke ment (14) wherein the source (18) is within a
housi ng (28) and wherein the optic fiber elenent is renovably inserted
within an aperture (24) formed in the housing, an inprovenent_conprising:
mounting an end W If i ber el enent within a cone-shaped ferPEP§B¥§§V3
configuring the aperture of the housing with a cone-shape sized for closely
receiving said cone-shaped ferrule and bringing the housing and ferrul e

I nto heat- conducting contact, such that precise ' t he
optic fiber elenent and the system for coupling shifdl S@Hﬁiﬂﬁ l'i ght

t hrough said optical systemfor collecting and copdensiREPLACEMt intlo said
optic fiber elenment is preserved and heat transfe—away 1romthe optic
fiber elenment is facilitated, wherein the ferrule and the sidewalls (44) of
the aperture of the housing are both const r f&saMF rom a materi al havi ng a
hi gh i ndex of heat conducti on. 2. The nethod of claim1l wherein the
ferrule (30) and the sidewalls (44) of the aperture of the housing are
bot h constructed frowhat is&lsmedlis;having a high index of heat conduction.
3. The method of claim2 wherein said material is stainless steel.

4. The method of claim 1l wherein the ferrule (30) is nounted within a

housi ng and wherej n sai d_housj_n 28) has I i £ udi nal ext.endi.n :
i ndented ring (3 and \’xher:fi“rfgf%&né ércfﬂ?@nﬁjé@%%%Iauﬁgg&%&n*@t%@éﬁéd
bal I plunger (42)2 pogitd hPBelc HBeCama® Whirbinithe soltdas Wathin b MdubidBlangn! ¥
when the ferrule (30) is fully inserted within the aperture (24).

12 3. Wwhereirethemptigifiber slement isrremovablytiasespad withinban aperture

formed in the housing, an improvement comprising:

mounting an end of the fiber element within a cone-shaped ferrule;

4

5

6 configuring the aperture of the housing with a cone-shape sized for

7 closely receiving said cone-shaped ferrule, such that precise alignment

8 between the optic fiber element and the system for coupling light is preserved
9

and heat transfer away from the optic fiber element is facilitated.

1 2. The improvement of claim 1 wherein the ferrule and the
2 sidewalls of the aperture of the housing are both constructed from a material
3 having a high index of heat conduction.

1 3. The improvement of claim 2 wherein said material is stainless
2 steel

1 4. The improvement of claim 1 wherein the ferrule is mounted

2 within a housing and wherein said housing has a longitudinally extending

3 indented ring and wherein the aperture includes a spring-loaded ball plunger
4 positioned to engage with the indented ring only when the ferrule is fully

5 inserted within the aperture. |

12
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el ement 714y s asingte—optic fiber. 6. A fiber optic apparatus

conpri si ng; ' | ber elenment (14); and a cone-shaped
ferrule (%@I“Mimm"lm[ end of said optic fiber elenent, said

cone- shape arrul enhay a truncated end (33) aligned with an entrance
aperture (40) of %aid gptic fiber element wherein the ferrule is conprised
of a material haVl r?&’o?‘ i gh i ndex of heat conduction, wherein Be/ES9RAITY|
is a portion of a connector nmenber attached to said fiber el enent, which

connector nenber further conprises a cas gtﬁ[ undi ng a portion
of said fiber elenent and attached to safl?ﬂ? rhg%gﬁggi%?gérg*se menber havi ng
36) Ihe

a longitudinally extending indented ring {( appar at us of
claim6 wherein the ferrule (30) is conprised of a material having a high
i ndex of heat conduction. ° 8. The apparatus of claim7 wherein the
material is stainless steel. 9. The apparatus of claim®6 further
conpri sing a casel (34) nbBunt fthetimproviimeérd|of etatmof whirein treoptia fiberf elehhicis a
(30) and enclosing a_pqortion _of said optic fiber elenment (14), said case
havi ng> a | ongi t udf nailgle 8R¥EHRATNg i ndented ring (36). 10. The
apparatus of claim6 wherein the optic fiber elenent (14) is a single optic
fiber. 11. A light source systemfor coupling light into an optic
fiber elenment (14) said syst eafibenpticapi@ratus comprififgsi ng (28) ; an
optical system (20) nounted within said housing; a receiving bl ock
(26) having an aperture @r#Hpticéibeselpmentpng recei ving an optic fiber

el emrent; and 3 .. a light source
(18) for provi di n% hi gh iaﬁpgﬁgmdlfgﬁme;mouﬂted to an end of said optic ﬁloereement,

4 said cone-shaped ferrule having a truncated end aligned with an entrance

5  aperture of said optic fiber element.

1 7.  The apparatus of claim 6 wherein the ferrule is comprised of a

2 material having a high index of heat conduction.
1 8.  The apparatus of claim 7 wherein the material is stainless steel.

1 9. The apparatus of claim 6 further comprising a case mounted to a
2  distal end of the cone-shaped ferrule and enclosiné a portion of said optic
3  fiber element, said case having a longitudinally extending indented ring.

1 10. The apparatus of claim 6 wherein the optic fiber element is a
2 single optic fiber.

1 11.  An light source system for coupling light into an optic fiber

2 element, said system comprising:

3 a housing;
. 4 an optical system mounted within said housing;

5 a receiving block having an aperture for releasably receiving an optic
6

fiber element; and
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W th sal sai d optical system and said aperture positioned for
coupling ’ﬂﬂ d’@ﬂ' mu”"!source into the optic fiber elenent; and wth
the aperturec ner sidewall (44) of a cone- shape for cl osely

receiving a cone- shaped *ferrule noun [ f the optic fiber,
wherein the sideyal f the aperturvell;ﬁ 'ﬂé‘o& terial havi n9

hi gh i ndex of he Licti on, and ' EEJerruI b s a JEHYSBHLIST! g
connector menber attached to said fiber elenent, whiCh connector nenber
further conprises a case nmenber (34) surrounding a portion of said fiber
el ement and attached to said ferrule, said case nenber having a

| ongi tudi nal | y ext endi ng7i ndentldghe | stgrre86for providing ThHghsyst em of claim

11 wherein the sidewal | g(44),;0% Ejé'f‘d %Bﬁ%&é”%a(l%“}:pi::‘?caflors E'erﬂ raﬂﬁ 8aid
material having a high [ndex of condu st em of

claim 12 wherein the mat?2ri al®"® §t§f3|9ﬂsé§§°r§degl°r cwplmﬂ“%re Bt 834 b
claim 11l wherein the optit8al swgecinyol8heoptis fibef ghement; and WitHhehe

?ggg eLn of claim1l vvlhergtun L%drlﬁﬁeé haviidg Ve |inné4) sDdeddld bECLIdEnaYshASKA
as a spring- oa i_t e ggglng a
| ongi tudi nal indented ri 29 ?6% %EHQQ@F rgé%%u%%s Eﬁﬂg z&g) ed £ ile the
ferrule (30) is fully ind rtéEPm\RFEih?‘?P“Pﬁea% Gfetheppric f3-]"3?‘1-6 The
system of claim 11 wherein the optic fiber eI enent (14) is a single optic
fiber. 17. The apparatus of 16l aifhebgy, u@a{%fnciam 11 GhbdeE (3Q) IS a
portion of a connector nber f| ber r%
connector menber furthef co cfg’ggf °td§i‘5 é’lre( éﬁ) ﬂ"’ro%ﬁé‘? mat@rfal
14 a portion of 3sai dh#‘TJE'éraeh’e&?ehﬁd%?ﬁ(?fahﬁa@h‘é@'@@tsaﬁd ferrul e,
said case nenber having longitudinally extending indented ring (36).
18. The nmethod of claim4, whereihq thgORLkfem of claim 12 wherein the

2 material is stainless steel.

=

14. The system of claim 11 wherein the
optical source is an arc lamp.

N

15. The system of claim 11 wherein the inner
sidewall of the receiving block has a spring-
loaded ball plunger positioned for engaging a
lohgitudinal indented ring formed on the ferrule
only while the ferrule is fully inserted within
the aperture.

v W N

16. The system of claim 11 wherein the optic
fiber element is a single optic fiber.

17. The apparatus of claim 6, wherein said
ferrule is a portion of a connector member
attached to said fiber element, which connector
member further comprises a case member surrounding
a portion of said fiber element and attached to
said ferrule, said case member having
longitudinally extending indented ring.

QN e W N
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fiber el erre I e optic fiber. 19. The systemof claim
15, wherei n @mug,’m element (14) is a single optic fiber. 20.
A nmet hod for=+cC froma high intensity light source (18) into an
optic fiber element (14) wher ei n thgq RAYrSHEETHAS BBEM |2 housing (28) and
wherein the Optl‘ﬁ ?19651 el ement is rermvahEpLAggprted W t hin an ?l})erture

e

(24) formed in t ousi ng, an i npr CTUSRYIEH end
of the fiber elenent within a cone-shaped ferrul e (30)

configuring.the aperture of the housing with a cone-shaped sized for
closely receiving said cone- shaped ferrule, such that precise alignnment
between the optic fiber &l enent ang.t thesysprondmentcofipdliaig &) ghiiervedin che
preserved and heat transger aypycfEosg:t laseaeat Gd bPein@lLPBRic! Siver.
facilitated, wherein the ferrule and sidewalls (44) of the aperture of the
housi ng are both constructed froma material having a high index of heat
conduction, and wherein 3aid ferr&Pe iTheaspsker @f staim cohnwbedveintiger
attached to said fiber ekeneniptivhitilber@lemehorismanbenglieirddite £iBgY.i Ses a
case nenber (34) surrounding a portion of said fiber elenent and attached
to said ferrule, said case nenber _havi a lon |tud| n extendi ng
indented ring (36) for efhgaging a28or rESHSMEFR gn%:?/ﬂ ThenbEheyeim sgid
sai d housi ng when said f &rrul &eirulensers @ormmqu s\apdnmnﬂqxumember

15 3 attached to said fiber element, which connector

member further comprises a case member surrounding
a portion of said fiber element and attached to
said ferrule, said case member having a
longitudinally extending indented ring for
engaging a corresponding engagement member of said
housing when said ferrule is inserted within said
10 aperture.
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